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10-YEAR DEEP-OCEAN STUDY
OF SUITABILITY OF CONCRETE
FOR OTEC NEARLY COMPLETE

THIS ARTIST'S DRAWING DEPICTS inspection by a Navy submersible of one of 18
concrete spheres and its 53-foot-long, 2%-inch anchor chain, emplaced in the ocean
by the Naval Civil Engineering Laboratory. The model was part of a 10-year program
to study concrete as a material for pressure-resistant deep-ocean structures. The purpose
of the concrete block, shackled to the anchor chain, was to study the effects of highpressure seawater on the physical and chemical properties of concrete during extended
periods of time.

VOLUME 6, NUMBER 9
September 1982

Concrete has been considered as a candidate material for use in the construction
of OTEC platforms, cold-water-pipe systems, and mooring components. The study
described below will make a considerable
contribution toward determining the feasibility of concrete for OTEC facilities.
A 4,OOO-pound concrete sphere has been
recovered from a depth of 3200 feet after
10 years of continuous exposure to the
high pressure and low temperature of the
deep ocean. The recovery of this and other
concrete specimens earlier this year marked
the final phase of along-range study of
deep-ocean concrete structures being conducted by the Naval Civil Engineering Laboratory (NCELl, Port Hueneme, California.
The recoveries brought to the surface
answers to thre~ important technical questions: Will concrete continue to maintain
its strength while subjected to the severe
pressures of cold, chemically-active seawater for many years? How watertight is
concrete? How durable is concrete in a
deep-ocean environment?
The results of the ocean exposures and
associated laboratory tests corroborated
the Navy's contention that concrete is an
excellent material for deep-ocean construction.
NCEL started the program in September 1871, when it deployed 18 concrete
spheres in water depths ranging from 1800
to 5,000 feet. Each specimen, 66 inches in
diameter with four-inch-thick walls, was
anchored to the seafloor by the 2600pound weight of a 2%-inch anchor chain
53 feet long.
Some spheres were coated with a waterproof phenolic material, while others remained uncoated. Two spheres had half
of their surfaces coated and were the only
specimens to contai n steel reinforcement
bars. Though the steel doesn't add to the
concrete's strength in this instance, engineers wanted to study the reaction of steel
to the seawater environment. Examination
of one of these spheres, recovered this year
after spending 10 years at a depth of 1800
feet, revealed no visible corrosion of the
steel, though in some areas of the model
the steel had less than an inch of concrete
cover. Nor was there visible deterioration
of the concrete material itself in any of
the five spheres and blocks retrieved to
date.
(continued on Page 3)
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NEW OFFICERS ELECTED
AND GOALS EXPANDED AT
OEC BOARD MEETING
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On September 22nd the newly-elected
Board of. Directors of the Ocean Energy
Council met to elect new officers and to
discuss current OEC goals and objectives.
The Board is pleased to announce the
following officers, directors, and goals:
Directors
Dr. John P. Craven, University of Hawaii
Harry D. Foust: Trane Corporation
Edward Y. Hirata: Hawaii Electric
W. Lloyd Jones: Dillingham Corporation
Malcolm S. Jones Jr.: EBASCO Services
Richard Meyer: Solar Ocean Energy Liaison
Fred Naef: Lockheed Missiles and Space
Robert Scott: Gibbs & Cox Incorporated
Jay Yaffo: Ocean Thermal Corporation
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Legal Counsel

The current political and economic environment both in the United States and
abroad is having far-reaching impacts on
our ocean-energy programs. The Board of
Directors of the Ocean Energy Council
recognize the need to re-assess our goals
and objectives in light of this changing environment, and propose the following as
the basis for future planning:
• The OEC must concentrate on building support within industry as it had in
past years within government.
• Industry, particularly the non-committed segments, must be convinced of
the viability of ocean energy.
• The export market must be encouraged, including necessary policy incentives
(export licenses and the like) to facilitate
the growth of such markets.
• Effort should be concentrated on
smaller plants which are more appropriate
to the near-term market.
• Alternative uses of ocean energy, such
as mariculture, should be promoted to
broaden the base of support.
• Efforts must be made to enhance federal ocean-energy R&D budgets by increasing pressure on the Administration.
• Co-operation with foreign ocean-energy programs should continue, to enhance
techno logy transfer, to identify potential
export markets, and to encourage growth
of foreign affiliates within the OEC.

•
Page 2

AQUACULTURE AT STF
The Natural Energy Laboratory of Hawaii, known also as the Seacoast Test Facility (STF), has reported great success
with aquaculture experiments utilizing the
cold-water discharge from the OTEC test
project. Among the marine species which
have been successfully raised on the "farm"
are abalone, salmon, rainbow trout, and
seaweed.
The abalone are doing so well that a
California aquaculture firm has already
completed a feasibility study, and is now
looking forward to commercial ization of
an abalone farm at the site. The Natural
Energy Laboratory [N ELHJ is currently
seeking permission from the State Legislature of Hawaii to enable it to allocate a
hundred acres at the test facility for the
establishment of a commercial aquaculture
park.
Scientists at NELH have also successfully converted the salmon and trout operation from freshwater to saltwater, using
a mixture of warm and cold seawater for
the OTEC experiment. Plans are now under
way for establishing Maine lobster aquaculture studies in the future.
Aside from all these intentional projects
the researchers have discovered that some
species of sea hares, or slugs, have been
doing very well in the tidal pools when
the cold water is discharged. These animals feed on the algae bloom produced
by the discharges of nutrient-rich water
on the surface. The slugs are valuable in
neurological research, and heretofore were
obtained at a high cost by being raised in a
laboratory.
UNDERWATER INSPECTIONS
INDICATE OTEC-1 COLD-WATER
PIPE IN GOOD SHAPE AS
RETRIEVAL NEARS
Recent underwater inspections by the
US Navy's submersible Turtle indicate that
the cold-water pipe used in the Department
of Energy's OTEC-1 test facility remains
in good condition. The pipe was disconnected from OTEC-1 and moored in an
upright position.
At one point it appeared that the 2500foot pipe system, composed of three polyethylene pipes banded together, had been
lost at sea; but it was later located by the
Navy's Turtle and subsequently anchored
by a 600-foot chain to a 50-ton anchor.
In October, attempts will be made to
disconnect the pipe system from its mooring, attach a floatation collar, and tow it
to shore.
PUBLICATIONS AVAILABLE

The following publications are available
from the National Technical Information
Service (NTIS)' 5285 Port Royal Road,
Springfield, Virginia 22161:
Solar Sea Power Plants: Biofouling,
1977- July 1982 (Citations From the Energy Data Base), by NTIS, 164 pages, is
available as PB82-870486 for $30 paper
copy or microfiche from NTIS.
Solar OCEAN ENERGY Liaison
Chicago 60605
September 1982
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A 5%-FOOT HOLLOW CONCRETE SPHERE is placed into NCEL's high-pressure vessel
for test to failure under external pressure. Implosion occurred at 2800 psi external pressure. The biaxial compressive stress in the four- inch -th ick concrete wall at the time of
failure was almost 12,000 psi. Failure occurred in the seawater-saturated concrete in the
uncoated lower hemisphere.
(continued from Page 1)
The long-term study revealed that concrete, coated or not, is highly resistant to
water penetration. The amount of water
intake was determined in two ways: annual
inspections of the spheres in place, and
measurement of the water found in the
recovered spheres.
As the concrete of a submerged sphere
absorbs water, the model gains weight,
loses buoyancy, and thus supports less of
the weight of the heavy anchor chain.
Accordingly, to determine water intake,
Solar OCEAN ENERGY Liaison
Chicago

observers in manned submersibles simply
counted the number of chain links remaining between the sphere and the seafloor.
Annual chain-count observations indicated
that, as expected, coated spheres absorbed
little water and uncoated spheres absorbed
more water. In fact small amounts of water
permeated entirely through the uncoated
concrete wall into the sphere's interior.
This was corroborated by the recovered
spheres.
Two coated spheres, retrieved in 1977
after five years at depths of 2,630 and
60605
September 1982

3,140 feet, uid not have any free water
inside. An uncoated sphere recovered at
the same time contained nine gallons of
water (2% of the interior volume). The
uncoated sphere retrieved this year from
a depth of 3200 feet contained about 14
gallons of water. The half-coated sphere
held only three gallons of water after recovery from the comparatively-shallow
depth of 1800 feet.
Robert Rail, NCEL project engineer,
pointed out that these calculations represent a slow rate of permeation. Although
the uncoated concrete was not "perfectly
watertight ", an average of only about one
or two tablespoons of water per day was
forced through the concrete to the interior
by the hydrostatic pressure. Variations of
water penetration can be attributed to differences in ocean depth, to length of exposure, and to the percentage of the surface
that was coated.
One major objective of the study was
to obtain data on changes, if any, in the
strength of concrete after it had been exposed to the high-pressure, cold (40 0 F)
ocean environment for extended periods
of time. Rail said the results have provided
information applicable to the design of
concrete structures in the ocean.
As a rule, the strength of concrete increases with age. But the percentage of
that strength increase is lessened each year
as aging occurs. For example the compressive strength of control specimens that had
been fog-cured for one year at atmospheric
pressure and 70 0 F increased 20% over the
baseline strength of 28-day-old fog-cured
specimens (nominally 8,000 psi). Fiveyear- old fog - cured repl icate specimens
were 35% stronger than the baseline, as
were 10-year replicate specimens.
In comparison, concrete exposed in the
ocean for five years showed a compressive
strength increase of 15% to about 9100
psi. Tests after 10 years of ocean exposure found the strength to still be the
same. The conclusion, engineers explain,
is that the concrete gained considerable
strength during the first several years in
seawater and retained that strength under
continuing high pressure, though it did not
become as strong as the control specimens
cured continuously under favorable laboratory conditions.
Rail said all 18 spheres were designed
for a nominal working depth of around
3,000 feet (1300 psi). As expected, some
models placed at deeper levels failed. The
increased pressures crushed specimens at
depths of 3700 and 5,000 feet.
Although the project was not designed
to evaluate the effects of biofouling on
the concrete, Rail noted that some microfouling and macro-fouling did occur on the
spheres and anchor chains. The shallower
spheres exhibited much more growth than
the deeper spheres. The spheres were covered with a soft slime, a grasslike growth
from one to three inches in length, sessile
invertebrates resembling jellyfish six to
twelve inches in diameter, tube worms, and
on one sphere only, scallops in uncalcified
(continued on Page 4)
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translucent shells half an inch across . After
five years, fouling on both coated and uncoated spheres was less than half of what it
was after ten years. The steel anchor chains,
which showed only minimal corrosion, had
much more biofouling than the concrete.
This long-range study of concrete in the
ocean was authorized by the Naval Facilities Engineering Command (NAVFAC)
under the sponsorship of the Navy's DeepOcean Technology (DOT) project. The accompl ishments represent NCE L's latest
contributions to concrete technology. (It
is the only Navy lab performing research
and. development of concrete for undersea
structures.) Since the 1960s the Laboratory
has conducted experimental programs on
unmanned spherical and cylindrical structures. Ten years of laboratory and at-sea
data have been incorporated into a handbook used by the Navy and private industry in designing ocean concrete structures.
Technology developed by NCEL will
permit the design and fabrication of military concrete structures in the ocean. Dr.
W. J. Nordell, director of the Laboratory's
Ocean Structures Division, said data have
supported studies by the Navy and the
Department of Defense of ocean-basing
systems, offshore airfields, offshore storage of ordnance at military bases, and
submerged fuel - storage facilities at advanced bases. The new technology can
also be applied to construction of underwater stations (manned or unmanned) and
platforms to accommodate instrumentation and equipment requiring airtight environments.
In support of the Defense Nuclear
Agency, NCEL developed design guidelines for construction of buried land
structu res that resist blast overpressures.
Laboratory technology also has been
transferred to DOE's investigation into
the use of concrete for cold-water pipe
in the Ocean Thermal Energy Conversion
Program, the US Coast Guard's develop-

ment of maintenance and inspection procedures for concrete ships, and the Environmental Protection Agency's investigation of ocean disposal of waste materials.
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US GOVERNMENT
PROCUREMENT INVITATIONS
AND CONTRACT AWARDS

Aug n: Evaluate New Geological and
Geophysical Info From Onshore and Offshore Areas of Certain South Pacific Areas
for Petroleum Potential: Contract 14-08Listed below are procurement invita- 0001-20735, July 21st, 1982, for $35,000,
tions and contract awards related to OTEC awarded to Dr. Binyamin Buchbinder, 56
in particular and ocean resources in general Shimoni Street, Jerusalem-'92630, Israel.
culled from the Commerce Business Daily. US Department of the Interior, Geological
This is not to be construed, however, as a Survey, Eastern Region Management Office,
complete list.
Procurement and Contracts Section, Room
Aug 5: South Pacific Conference on 2A233B, 12201 Sunrise Valley Drive, ResEconomic Development: The 21 heads of ton, Virginia 22092, (703) 860-7815.
government in the South Pacific will come
Aug 11: Continued Research in the Area
together for the 22nd meeting of the of Tropical Oceanography: Contract NOOOSouth Pacific Conference (on economic 14-80-C··0042 (no R FP). $351,127, awarddevelopment) October 23rd through 29th ed to the University of Miami, PO Box
in American Samoa. This is the first time 8007, Coral Gables, Florida 33024. Office
in the South Pacific that the private sector of Naval Research, 800 North Quincy
is being invited to such a gathering. The Street, Arlington, Virginia 22217.
Conference offers a tremendous opportunAug 11: Research on Properties of Sea
ity for businessmen with an interest in Ice: Contract N00014-82-K-0709, July
the area to meet with head's of state in 21st, 1982 (no RFP). for $216,179, awarded
an informal atmosphere. Those interested to the University of Massachusetts, Office
should contact C. March Miller at (202) of G rant and Contract Administration,
822-9097 in Washington DC or Joe Harri- Graduate Research Center A213, Amherst,
son at (415) 392-2874 in San Francisco, Massachusetts 01003. Office of Naval Reboth of whom represent Governor Cole- search, 800 North Quincy Street, Arlingman, the Conference host.
ton, Virginia 22217.
Aug 6: Microstructural Analysis of ImAug 11: Continued Research on Moored
planted Titanium and Titanium Alloys: Array Experiments: Contract N00014-76Negotiations are being conducted with C- 0197, July 16th, 1982 (no RFP), $610,450,
Geo Centers Incorporated, Administrative Woods Hole Oceanographic Institution,
Branch, PO Box 428, Newton Upper Falls, Woods Hole, Massachusetts 02543. Office
Massachusetts 02164. Contracting Officer, of Naval Research, 800 North Quincy
Naval Research Laboratory, Washington Street, Arlington, Virginia 22217.
DC 20375.
Aug n: Study of Earthquake Prediction
Aug 6: Gather Data on the Mechanical and the Tectonics of the Northeastern CaProperties of Wet and Wetbacked Under- ribbean: A continuing experiment in two
water Weldments and Provide Guidelines major seismic gaps. Modification 3, exerRelating These Properties to Design Per- cise of option under Contract 14-08-0001formance: Contract DTCG23-82-C-20017 19748, for $158,000, awarded to Columbia
(DTCG23-81-R-20020), $195,308, awarded University, New York, New York 10027.
to Southwest Research Institute, PO Draw- US Department of the I nterior, Geological
er 28510, 6220 Culebra Road, San Antonio, Survey, Procurement and Contracts SecTexas 78284. Commandant (G-FCP-21A- tion, Building 13, Room 133, 345 Middle64). US Coast Guard, Washington DC.
field Road, Menlo Park, California 94025.
Aug 6: Design and Fabrication of Three
Aug n: Conduct a Study on the CaribAir-Sea I nteraction Drifting Buoys: Con- bean Region and American Policy: RFP
tract NA-82-QA-C-121, $75,700, awarded 1722-120089, Contract 1722-200002, for
to Polar Research Laboratory Incorporated, $40,272, awarded to The Futures Group,
123 Santa Barbara Street, Santa Barbara, Glastonbury, Connecticut. Department of
California 93101 . NOAA Data Buoy Of·· State, Contracts Branch, PO Box 9244,
fice, Attention Bettie W. Cashion, NSTL Rosslyn Station, Arlington, Virginia 22209.
Station, MS 39529.
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